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BACKGROUND OF THE INVENTION

1) Field of the Invention

This invantion relates to a novel bacterium designated Bacillus licheniformis DB-8011 (FERM BP-3418) and also
to its usage. An additional characterization identified said bacterium as being in fact a Bacillus subtilis.

2) Description of Related Art

In a wide range of agricultural businesses, various microbial activities take place with some sort of relevance to
the agricultural businesses. This relevance may be advantageous or disadvantageous 1o the agriculture.

For example, fungi are microorganisms genarally calied "moids" and can be classified roughly into Phycomycetes,
Ascomycetes, Basidiomycetes and imperfect fungi. They include many useful fungi, led by yeast.

Howaver, they also include those present in eoll and acting as pathogenic bacteria against crops, like molds, so
that it is important for agricultural businesses to inhibit their growth. Further, compost is useful as a fertilizer for crops,
Livestock excrement or the iike is contained in compast, resuiting in the potentiai probiem ihat the compost may become
an offensive odor source by growth of a fungus or a hotbad for the proliferation of a pathogenic fungus. Further, an
infectious crop disease induced: by a fungus such as a mold has communicability and may totally destroy the crop.
Thers is accordingly an outstanding dasire for the development of means for effective inhibition of such infectious
diseases,

As a method for inhibiting the growth of a fungus, it has conventionally been known to use various antibacterial
agents or bacteriostatic agents. As an antibacterial or bacteriostatic ingredient is decomposed, the above method is
accompanied by the drawback that it requires periodic re-application of the antibacterial or bacteriostatic agent. It is
also accompanied by the drawback that the antibacterial or bacteriostatic agent may also inhibit activities of other
useful microorganisms or may becoms ineffective dus to the occurrence of resistant bacteria.

There is hence an jong standing demand for the development of a fungus inhibitor which remains effective over
a long time and is free from the troublasome occurrence of rasistant bacteria.

Reflecting changes in the living environment and consciousness, on the other hand, the fevel of demand for the
prevention of offensive odor and unpleasant odor is increasing. For example, even 10 livestock farmers and the like
who have been in business for many years, neighboring residents often make a demand for the prevention or reduction
of offensive odor or unpleasant odor given off from livestock excrement or the like.

Conventional known deodorizing methods which can be used for the prevention of offensive odor include masking
methods, chemical deodorizing methods, physical deodorizing methods, and biclogical deodorizing methods. In the
livestock industry where livestock excrement as an offensive odor source occurs continucusly and in large quantity,
the effectiveness of a chemical or physical deodorizing method is limited, to say nothing of any masking method. A
biological deodorizing method is therefore capturing the interest of researchers, bacause it causes livestock excrement
as an offensive odor source to promptly ferment so that occurrence of offensive odor can be prevented. It is, however,
the current situation that no fermentation promoting method has yet been established for the prevention of occurrence
of offensive odor from livestock excrement. There are similar problems with respect to oldfashioned toilets of the long
drop type and garbage from house kitchens. These problems have also not been solved. Further, lignin which is one
of principal components of lignifiad plant bodiss such as wood, bamboo and straw and is a network, high molecular
compound accompanied by the problem that its decomposition can be insignificant, thus remaining as waste.

Accordingly, it has been strongly desired to develop a method for promptly fermenting odor sources such as live-
stock excrement, human excrement and kitchen garbage and even lignin to effectively preventthe occurrent of offensive
odor.

Further, one of the greatest concerns of livestock farmers is how to raise healthy livestock so that excellent meat
or eggs can be oblained. in reality, however, livestock may not be raised satisfactorily in many instances because they
may not take sufficient feed or may not digest the feed sufficiently or may catch disease. For example, if easily fer-
mentable fead is fed in a large quantity at once to a ruminant mammal such as a cow or ox, rumen acidosis takes place
temporarily, thereby decreasing its appetite. This troubls then induces an abnormal gastric juice pH of the rumen,
damage to the raticulorumen, production of unusual metabolic products such as amines, extraordinary fermentation
heat, etc., so that normal digestion and absorption are inhibited. Further, bacteria other than flora may grow extraor-
dinarily and penetrate into blood, thereby causing digestive tract diseases, hepatopathy, motor organ diseases, repro-
ductive difficulties, heat stroke, mastitis, dermatitis, or the like in some instances.

To raise healthy livestock for the provision of livestock products in greater quantity, there has been a strong demand
for the development of tachnology that can promote digestion of feed by livestock and can hencs fatten the livestock.
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SUMMARY OF THE INVENTION

The present inventors isolated many bacteria from soils and have conducted screening with respect to their prop-
orties. As a rasult, a novel bacterium designated Bacillus ficheniformis DB-8011 (FERM BP-3418) and having aflatoxin
decomposing ability has been found. It has aiso been found that this bacteriurn inhibits occurrence of fungi and exhibits
axcellant fungal growth inhibiting effects, that the use of this bacterium can promote fermentation to effsctively decom-
pose aven lignin, and that the feeding of this bacterium together with fead to livestock can suppress abnormal fermen-
tation or the like in the digestive tract of livestock and can hence promote the growth of the lvestock.

An object of this invention is therefore to provide a bacterium belonging to Bacillus ficheniformis and having aflatoxin
decomposing ability. )

Anocther object of this invention is to provide a fungal growth inhibitor comprising the above bacterium as an active
ingredient.

A further object of this invention is to provide a fermentation promoter comprising the above bacterium as an
effective ingredient.

A stiil further object of this invention is to provide a livestock fattenting agent comprising the above bacterium as
an effactive ingredient.

The bacterium according fo the pressnt invention can be used very advantagsously in agricultural fields where
microbial activities take place with some sort of relevanca.

For example, employment of a fungal growth inhibitor making use of the bacterium of this invention makes it
possible to inhibit growth of a fungus, especially a pathogenic mold, so that its application to soil or a plant can prevent
crop disease. Further, application of the fungal growth inhibitor to compost or the like can inhibit growth of a pathogenic
mold in the compost, thereby making #t possible to orevent oceurrence of offensive odor which would otherwise take
place due to growth of the mold.

Further, application of a fermentation promoter making use of the bacteriurn according to this invention to livestock
excrement or the like can promote extremely effective fermentation so thal the fermentation can be brought to com-
pletion in 1-2months as opposed to %1 year that has heretofore been required to complate the fermentation. Moraover,
practically no offensive odor is given off during the fermentation period. On the other hand, use of the fermentation
promoter of this invention in an aeration tank can shorten the waste water treatment ime to half the time that conven-
tionally required. in addition, production of offensive odor is reducad and, after the treatmant, the BOD and SS values
both drop ta values about 1/30 or less of the corresponding conventional values. Addition of the fermentation promoter
of this invention to sawdust, which is empioyed as bedding used when raising livestock (in broiler cages, pig houses,
or feeder cattle houses), can facilitate the disposal of excrement and can also cbviate occurrence of offensive odor,
Furthermore, fermentation proceeds continuously in the bedding and, as a result, the bedding is warm even in winter
so that occurrence of diseases such as diarthea and pneumonia, which have heretofore been developed due to ab-
dominal chilling of the livestock, decreases.

In addition, administration of a livestock fattening agent, which makes use of the bacterium of this invention, fo
livestock enables maintenance of the inside of the digestive tract of the livestock at a normal level so that the absorption
of nourishment through the digestive tract can be promoted. As a result, the weight of the livestock can be steadily
increased or, for example, the production of eggs can be increased. This s extremely advantageous for the livestock
industry.

DETAILED DESCRIPTION OF THE INVENTION AND PREFEARED EMBODIMENTS

The bacterium according to this invention belongs to Bacillus licheniformis and has aflatoxin decomposing ability.
Any bacterium can be used as long as these conditions are met,
Examples of characteristics which these bacteria have will be shown next.

Table 1
Property B. licheniformis
Swaelling of calls -
7% NaCl +
NQj; = NO, +
VP reaction +
Egg yolk -
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Table 1 (continued)

Property B. licheniformis
Indole -
60°C -
Gram stain +
Location of endospores Center
Gloss None
Colony surface Wrinkled

As one example of these bacteria, Bacillus lichenformis DB9011 found by the prasent inventors can be mentioned.
its microbial characteristice are as follows:

Morphotype:

A bacillus with 0.7-0.8 um cell width. Oval endospores are present rather centrally and do not swell cells. Has
mohility and forms R colony. Grows slightly under anasrobic conditions.
State of growth on various culture media:

(1) DHL agar medium

No growth,
(2) MacConkey's agar medium

No growth.
(8) Mannitol sait medium

Gond growth, Gloss. No wrinkles on colony surface. Colonies have a yellow color.
(4) General agar medium

Good growth. No gloss. Wrinkles on colony surface. Colonies have a white color.
(5) Heart infusion agar medium

Good growth. No gloss. Wrinkles on colony surface. Colonies have a white color.
(6) Blood agar medium (added with 10% sheep blood)

Good growth. No gloss. Wrinkies on colony surface. Colonies have a white color.
{7) PDA medium '

Good growth. No gloss. Wrinkiss on colony surface. Colonies have a white color.

Physiological characteristics:

Gram stain +
Gelatin test
State of growth. Fuli surface liquefaction
Liquefaction of gelatin | +
Litmus milk:
Feagtion Acid
State Coagulated
Reduction of nitrates +
Denitration reaction -
MR test -
Production of indole -
Production of hydrogen sulfide | -
Utilization of cifric acid +
{Christensen citrate medium)
Urease -
Oxidase +
Catalase +
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{continued)
Growth rang
pH 4-9
Tamperature 25-50°C
OF test , Fermented with production of gas {owing glucose decomposition)

Utilization of saccharides:

Gas production | Acid formation

+

L-Arabinose -
D-Xylose -
D-Glucose +
D-Mannose -
D-Fructose -
D-Galactose -
Maltose -
Sucrose - -
Laclose -
Trehalose -
D-Sorbitol -
D-Mannitol -
Incsitol -
Glycerin -
Starch -
Decompasition of esculin
Utilization of malonic acid
Decomposition of arginine
Decarboxylation reaction of lysine
Decomposition of urea
Decomposition of afiatoxin
Decarboxylation reaction of omithine ’ -
Coagulase .
Hemolysis +
Tolerance to sodium hydrochioride Up to 10%
Tolerance to potassium cyanide Can grow
Lecithinase -

I R I

+ + +

The present inventors determined Bacillus licheniformis DB2011 as a new cell strain from the various character-
istics described above, and deposited it under FERM BP-8418 on May 21, 1991 with the Fermentation Research
Institute, Agency of industrial Science and Technology, Ministry of Intarnational Trade and Industry, Govemment of
Japan.

To prepare a fungal growth inhibitor by using the above-described bacterium of this invention, it is necessary to
allow the bacterium to grow in a nuirient source such as a vegetable crganic substance, defatted rice bran or wheat
bran, especially in a vegetable organic substance, and to use the resuliant culture liquor either as it is or after filtering
it into a water suspension.

When such a water suspension is prepared, it is proferabie to control the number of bacterium cells at 10% or more
per me.

lllustrative vegetable organic substances usable for growth include the vegetable organic substance which can be
obtained by completely aging waste sawdust used in the artificial cultivation of champignon. When such a vegetable
organic substance is used, Bacillus licheniformis changes from the vegetative form to the propagative form, leading
to an increased cell nurmber and, hence, 10 improved action.

When the fungal growth inhibitor according to this invention is applied to soil, it is generally necessary to apply it
at a rate of about 10° per m? although this application rate varies dapending on whether the purpose of the appfication



10

15

20

25

40

50

EP 0 537 418 B1

is to prevent crop disease caused by a fungi as a pathogenic bacterium or to sliminate a pathogenic fungi already

present at high concentration.

When the fungal growth inhibitor according to this invention is applied to compost or the like, it is necessary either
toapply it tothe entire surface of the compost or to thoroughly mix it with the compost. This allows Bacillus licheniformis,
the active ingredient, to grow in the compost, whereby growth of the fungi can be inhibited.

in this case, the application rate of the fungal growth inhibitor can be determined generally by relying, as an ap-
proximate standard, upon the elimination of odor trom the compost or the lika.

To prepare a fermentation promoter by using the bacterium of this invention, it is preferable to have the bacterium
of this invention carried on an excipient such as the above-described vegetative organic substance, defatted rice bran
or wheat bran, especially on the vegetative organic substance

In this case, it is preferable 1o control the number of bacterium cells at 2 x 105 or more per gram of the excipient.

it is necassary to apply the farmantatlon promoter according to this invention 1o the entire surface of an offensive
odor source, for example, |ivestock excrement such as poultry waste, swine excrement or cow/ox feces, human ex-
crement, kitchen garbage or the like or fo thoroughly mix the fermentation promoter with-the offensive odor source.
This can promote fermentation so that production of offensive odor can be prevented. These deodorizing effects can
be cbserved even from the first day after its application and can last 15 days or even longer. For example, where the
occurrence of livestock excrement as an offensive odor source is at a constant rate and livestock axcrement newly
discharged does not deposit onjtha previous accumulation, surtace application at the frequency of once every several
months is expected to maintain: continuing deodorizing efficacy.

To promiote fermentation in an aeration tank, it only necessary to throw the fermentation promoter of this invention
into the aeration tank. Thig can promote fermentation in the aeration tank.

The application rate of the fermentation promoter according to this invention varies depending on the kind, quantity,
conditions and the like of the offensive odor source, and cannot be given in a wholesale manner. Although empirical
determination is needed, a suitable application rate can generally be determined by using, as an approximate standard,
tha elimination of odor from the offensive odor saurce.

Further, 10 prepare a livestock fattening agent by using the bacterium of this invention, it is necessary to mix the
bacterium of this invention as an essential ingredient with, as oplional ingredients, other ingredients required for the
growth of livestock. Examples of such optional ingredients include defatted rice bran, vegetable organic substances,
wheat bran, calcium sources such as fossil sheils, brewer's grain, various vitamins, and nousishrent.

itis preferable to control the number of bacterium cells at 1 x 105 or more per gram of the livestock fattening agent.

Preferrad axamples of the livestock fattening agent according to this invention include the livestock fattening agent
which is obtained by mixing defatied rice bran and fossil shells at an appropriate rate, for example, of about 4.1 and
then adding Bacillus licheniformis, at a rate of 1 X 10° or more per gram of the resulting livestock fatiening agent, to
the mixture so formed. In such:a livestock fattening agent, Bacillus licheniformis changes from the vegetative form to
the propagative form and proliferates using the organic substance as a nourishment, leading 1o an increased cell
number and, hence, to improved action.

The livestock fattening agent according to the present invention can be administered by adding it to livestock feed
and then feading the resultant mixture to livestock. In some instances, however, the livestock fattening agent of this
invention can be fed in place of feed. When it is administered togsther with feed, it can be added generally at a rate
of about 0.5-10%, preferably at about 1-5% to feed.

The administration period of the livestack fattening agent of this invention varies depending on the kind, growth
stage, fattened extent and the like of the livestock to ba administared, and cannot be given in a wholesale manner. It
is necessary to determine it empirically.

Although it has not been elucidated yat why each bacterium of this invention can be used for many applications
such as fungal growth inhibitors, farmentation promoters and livestock fattening agents, the bacterium is considored
to inhibit growth of microorganisms which are present in the environment and give disadvantageous effects - for ex-
ample, pathogenic fungi, molds which give off offansive odor, and bacteria which produce a growth inhibiting substance
such as aflatoxin - so that normal fermentation by a Bacillus bacterium can be promoted.

Described more specifically, the effects of the fungal growth inhibitor are considered attributable to any one of (1)
the ability of competitive growth with fungi, (2) the hemolytic action against fungi and (3) the production of a growth
inhibiting substance - which the bacterium belonging to Bacillus lichaniformis has - or to their synergism.

Further, the effects of the fermentation promoter are considered attributable to the nature of the bacterium belonging
to Bacillus ficheniforrnis that (1) the bacterium grows in livestock excrement or the like to inhibit growth of offensive-
odor-producing moids and (2) the bacterium grows there in place of the molds and decomposes the livestock excrement
or the like.

Onthe other hand, the effects of the livastock fattening agent according to this invention are considered attributable
to the nature of the bacterium belonging to Bacillus licheniformis that (1) the bacterium inhibits growth of noxious
bacteria in the digestive tract of livestock, (2) the bacteriurn grows in place of such noxious bacteria in the digestive
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tract of livestock and (3) the bacterium decomposes lignin which is contained in feed and is considersd to be difficutt
to decompose.

The above-described effects cannot ba obtained at all from any other bacteria including the other types of bacteria
belonging to Bacillus.

As has been described above, the bacterium according to this invention is extremely advantageous from the stand-
point of agricultural business.

The present invention will hereinafter be described in further detail by the following examples. It should however
be borne in mind that the present invention is by no means limited to or by the following examples.

Test 1

Slant media of PDA agar wers prepared, to which the below described fungi were inoculated, respectivaly. They
waere then cultured at 25-28°C for 7-10 days, during which most of the fungi formed spores. The formed spores were
suspended at 1 x 108 cells/m¢ in physiological saline or phosphate buifer to which a surfactant had been added, so
that a spore suspension was formed. To a PDA agar medium plate (in a Petri dish of 90 mm in diameter) which had
been prapared on the side, the spore suspension was dropped in an amount of 0.1 mé per plate and then spread evenly
by a spreader to have it absorbed sufficiently in the medium. A bacillus suspension prepared at 10° cella/mé was
centrally inoculated at one spot (about 25 p€) on the medium. The bacillus was then cultured at 25-28°C for 5-10 days
to observe the formation of any inhibited circular area.

As a result, Bacillus licheniformis DB-8011 inhibited the growth of each fungus.

Mold used
Helicobasidium mompa | IFO 31651
Rosellinia necatrix IFO 9420
Vaisa coralogperma {FO 30252
Phytophthora infestans | IFO 9174
Botrytis cinerea IFO 31831
Helicobasidium mompa | Collected from apple tree rools
Rosellinia necatrix Collected from pear tres roots
Vaisa ceratosperma Collected from peach tree rools
Aspergillus niger Collected from peach tree roots
Aspergillus ochraceus | Strain stored at AHC Inc.
Aspergillus flavus Aflatoxin-producing strain
Aspergillus flavus Strain stored at AHC Inc.
Aspergillus fumigatus Collected from fowl lungs
Aureobasidium pullulans | Collected from soil
Fusarium oxysporum ‘Collected from cucumber

Example 1

Waste sawdust, which had been used in the artificial cultivation of champignon and had bsen completely aged,
was added with 2 x 108 cells/g-sawdust of Bacillus licheniformis DB-8011 (FERM BP-3418), whereby a fungal growth
inhibitor was prepared (Invention Product 1).

Example 2
After ths Invention Product 1 of Example 1 was stored for 10 days at about 20°C, 100 g of the product were
suspended in 1,000 mé of water. The suspension was thoroughly stirred, followad by flitration. The filtrate was provided

as & liquid fungal growth inhibitor (invention Product 2). The Invention Product 2 contained 1 x 104 cells of Bacillus
licheniformis DB-8011 per mé. -

Example 3

A peach tree which had died of *mompa” disease caused by parasitism of a fungus, specifically Heficobasidium
mompa or Rosellinia necatrix was pulled-out of the ground. Two kilograms of the Invention Product 1 were spread
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there and fully mixed with the soil. A young peach tree was newly planted there, Seven months after the transplant,
the peach tree fully struck roots into the soil. lts growth was also very energetic.

When a peach tree dies of "mompa” disease, pathogenic mold is present at high concentration in the soil so that
a young tras, if newly planted there, will be killed promptiy. In general, it is therelore said that a new young tree cannot
be planted until three years have slapsed.

Example 4

in a cucumber field where damping-off had occurrad for root-knot nematode disease, the Invention Product 1 was
applied at & rate of 100 g per plant by placing it into several holes bored around the roots of each plant.

Even from damped-off plants, new shoots began to grow from one week after the application and tendrils grew
progressively 1o regain vitality.

Example 5

In an apple farm affacted severely by canker (fungus disease), effects of the fungal growth inhibitor according to
this invention was investigated. After canker-affacted branches were cut off, the Invention Product 2 was sprayed onto
all the apple trees at an application rate of 10 liters pér tree. As a result, there was no tree affected by canker after the
application. Further, the trees already affecied by canker regained vitality.

Example 6

Effects of the fungal growth inhibitor of this invention were investigated in a PVCilm-covered green house in which
gray mold had occurred. Cucumber plants which were visually found to be affected by gray mold were pulled out, and
the Invention Product 2 was spread there at an application rate such that ils application rate was 800 m¢ per m? of the

whole green house.
As a result, gray mold no longer occurred to influence the yield. Incidentally, the yield of cucumbers usually drops
1o a significantly low level upon outbreak of this disease.

Example 7

With respect to the fungal growth inhibitor according to this invention, its growth and toxin-production inhibiting
offects were investigated in the following manner against Aspergillus fiavus NRRL 2999, which shows aflatoxin-pro-
ducing ability.

Preparation of antifungal preparation:

Employed was an antifungal preparation (Antifungal Freparation 3), which had been oblained by subjecting one
inoculating loopful of Bacillus licheniformis DB-8011 1o shaking culture for 24 hours in. 100-m¢ brain heart infusion and
then diluting the resultant culture tenfold in water.

Resulis of experiments:
(1) Test in culture bottle

After potato dextrose agar medium (PDA medium) was placed in a test culture bottle and solidified, 1 g of com
flour and 108 calls of a test bacterium were added to the medium. One drop {about 30 u€) of the Antifungal Preparation
3 was addad to the test culture bottle, followed by culture at about 30°C. On the fourth and sixth days after the initiation
of the cufture, growth of Aspergillus flavus and any other fungi was investigated. As a result, growth of fungi inciuding
Aspergillus flavus was not observed in the culture bottle in which the Antifungal Preparation 3 was added dropwise.
In Control, in which the Antifungal Preparation 3 was not added, growth of hyphae of Aspergillus fiavus and formation
of its condinia were observed conversely, and growth of other fungi was also observed thers.

{2) Test in Petri dish
On PDA medium solidified in a Patri digh, 0.5 g of a test feed sample was placed and 10F of the test fungus were

inoculaled. One drop (about 25 pi£) of the Antifungal Preparation 3 was then added, followed by culture at about 30°C.
On the fourth and sixth days after the initiation of the culture, growth of Aspergilius flavus and any other fungi was
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in'vestigated. The results are tabulated next.

Test feed State of growth of fungi
Formula feed A* QOceurrence of fungi was not obséwed,
Formula feed B* Occurrence of fungi was not observed.
Com Occeurrence of fungi was not observed.
None (on culture medium) | Qccurrencs of fungi was not obgerved.

¥ Formula feed A Raising feed for mature fowl.
** Formula feed B Fattening feod for weaner pigs.

Incidentally, when the Antifungal Preparation 3 was not droppad, growth of hyphas of Aspergilius flavus and for-
mation of its condinia were obseived in each of the test feeds, and growth of other fungi was also observed there.

{3) Inhibition of formation of afiatoxin

After the culture described above under (1) was continued for 17 days after the initiation of the culture, the resulting
cuiture was extracted twice with:50-rmi¢ portions of chloroform, respectively. The extract was concentrated to 2 mé and
then subjected 1o thin layer chromatography to determine whether aflatoxin had baen formed or not,

As a rasult, production of aflatoxin B; and G, was observed in Control bul was not observed in the culture bottle
in which the Antifungal Preparation 3 was used.

Example 8

Waste sawdust, which had been used in the artificial cultivation of champignon and had been completely aged,
was added with 2 x 105 cells/g-sawdust of Bacillus ficheniformie DB-9011, whereby a fermentation promoter was pre-
pared (Invention Product 4).

Example 9

Three grams of tha Invention Product 4 obtained in Example B were spread over the entire surface of 100 g of
foml waste. As a result, the fowl waste was completely fermentsd in 30-45 days although its complete fermentation
had conventionally baen considered 1o take 6 months to 1 year. Compared with fowl waste not spread with the invention
product, production of offensive odor was much less. Similar effects were obsarved when swine exarement or bovine
excremont was used.

Example 10

Sixty kilograms of the Invention Product 4 were added to a 25-ton aeration tank which was designec for the treat-
ment of swine excrement from a pig farm (operation scale: 1,000 pigs). The water temperature in the aeration tank
was 22°C when the invention product was added. On the following day, the water temperature rose fo 28°C, and
occurrence of water vapor which had not occurred before was observed. Further, the offensive.odor had been improved
considerably.

Further, the BOD and SS values in the aeration tank was 800 mg/€ and 25,000 mg/€ before the invention product
was added. One month after the addition, they had been improved to 26 mg/t and 20 mg/é, respectively.

Example 11

The invention Product 4 (150 kp) was added to one aeration tank at a pig farm (operation scale: 6,000 pigs),
namely, a 5-ton aeration tank. One day after the addition, the offensive odor of the test aeration tank was substantially
reduced. Further, occurrence of foams was observed although such foams were not observed with any bacterium used
proviously. It was hence confirmed that fermentation was under way.

Example 12
After 200 £ of the contants (70% urine and 30% excrement) of a 400-€ privy of the long drop type waere stirred well,

the Invention Product 4 (1 kg) was added followed by further stirring. Although intense offensive odor was semiled
belore the addition, this changed to sewer-ike odor four days latér. Seven days later, the odor level was reduced to
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"such an extent that offensive odot was slightly smelled only in the waste pot. Ten days later, offensive odor was com-

pletely eliminated.
Thereafter, occurrence of offensive odor was not recognized even after one month had elapsed.

Example 13

After the contents of a 400-¢ toilet of the long drop type were completely sucked out by a tank truck, 1 kg of the
invention Product 4 was spread evenly. The toilet was observed for 1 month immediately after the spreading of the
invention product. During that pericd, occutrence ¢f offensive odor was not recognized.

Example 14

Kitchen garbage, which had been left over for 1 week and gave off very offensive odor, was placed in asupermarket
plastic bag, and four handfuls of the Invention Product 4 were added. Three days after the addition, the offensive odor
turned to sweat-sour odor and, one week after the addition, raw vegetables were completely decomposed into liquid.

Example 15

The Invention Product 4 {100 g) was added to a 15~ home garbage pail which was 20% full with kitchen garbage.
Offensive odor was eliminated eight hours after the addition. No offensive odor was given off even when the pail was
fitled to 60%.

Example 16

As bedding for two pig pens out of 14 pig pens at a pig famm (operation scale: 1,500 pigs), one ton of sawdust with
3% of the Invention Product 4 added was used. It was laid to a thickness of 20 cm. From the following day, offensive
odor was eliminated in those pig pens and, moreover, the bedding was not dried but retained a suitable water content
50 that the bedding did not give off dust. Further, the sawdust fermented and maintained a suitable temperature, where-
by the pigs did not develop chill-related diarrhea. From the third week of the test, the color of swine excrement changed
and no offensive odor was given off even from fresh swine excrement (probably because the pigs in the test pig pens
ate the Invention Product 4 contained in the badding).

In contrast, offensive odor and dust were given off in a controf pig pen where sawdust alone was used as bedding.

Further, the bedding of the test pig pens after the sales of the pigs did not give off offensive odor and, when piled
up, promptly fermented so that it was successfully used again as bedding after the complation of the fermentation.

Example 17

To a mixture consisting of B0% defatted rice bran and. 20% fossil shells, Baciflus licheniformis DB-2011 (FERM
BP3418) was added at a rate of 1 x 10° cells par gram of the mixturs, whereby a livestock fattening agent was prepared
{invention Product 5).

Example 18

Test media were prepared by adding 0.5 mM of a-naphthol and 0.1% of p-cresol to portions of potato agar medium,
respactively. Those test media were inoculated with Bacillus licheniformis DB-8011, followed by culture for 5-10 days.
The test medium added with a-naphthol was stained purple so that the formation of iaccase was confirmed. On the
other hand, the test medium added with p-cresol was stained brown sa that excretion of tyrosinase was confirmed.
From thess results, the present cell strain has been confirmed to have lignin decomgosing ability.

Example 19

To afeed, the Invention Product 5 was added at a rate of 3%. The resuiting feed was fed to dairy catlle for 1 month.
As a result, whichever fivestock fattening agent was added, the milk yield of the dairy cattle increased by about 5%
compared with the milk yieid when tha livestock fattening agent was not added. Further, problems such as reproductive
difficulties did not occur so that effects for the prevention of such problems have been confirmed.
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nExample 20

Using 10 broiler chickens (specles Kobu) per group, effects of the livestock fattening agent of this invention for
chickens were investigated. Established first were a test group for a feed added with 3% of the Invention Product §
and another test group (control group) for the feed alone. The broiler chickens in each group were raised for 3 weaks,
and their average body weight was measured. As a result, the average body waight of the chickens in the test group
in which the livestock fattening agent of this invention was administered was found to be heavier by 150 g than that of
the chickens in the control group. According to the results of a pathological examination, no intestinal abnormality was
observed on any of the chickens in the test group but, in the control group, petechial blesding or hyperemia was
observed on the duodenum and jejunum of each of the ten chickens. Further, the length of the intestinal tract of each
chicken in the test group was 1.5 times as long as that in the control group, thereby indicating more active digestion
and absorption. Substantially the same effects ware obtained when the invention Product 2 was used.

Example 21

Using 10 laying fowls (specws Dekalb TX; age: 143 days) per group, egg laying rale improving effects by the
administration of the livestock fattemng agent of this invention were investigated. Established were a test group for a

[ P S - s | M e Y Py 2 & -~
food added with 3% of the Invention Product 5 (3% group), another test group for the feed added with 10% of the

Invention Product 5 (10% group) and a further group for the feed alone (control group). The test ran for 2 months, and
the egg laying rate observed during that period. The results are shown in Table 2, Incidentally, the feeding was ad
fibitum teeding and various vaccinas were inoculated as usual.

Table 2
Test group | Egg laying rate during test period Egg laying rate per week”®
3% Group | 62.1 ’ 97.1
10% Group 59.0 90.0
Control group 54.2 829

~“Egg laying rate per week: Egg laying rate during 1 week before the compietion of the fest.

As is evident from the above rasults, the egg laying rate of laying fowls was increased when the livestock fattening
agent of this invention was employed. Although no differences were observed among the three groups in the body
weight increase of the layers during the test period and the results of the pathological examination, the intake of the
fead was greater by about 25 g/day per layer in the 3% group and by about 2 g/day per layer in the 10% group, both
higher than the intake of the feed by the layers in the control group.

Claims
1. Abacterium designated Bacillus subtilis DB-9011 (FERM BP-3418) and having aflatoxin decomposing ability.

2. A fungal growth inhibitor comprising, as an active ingredient, a bacterium designated Bacillug subtilis DB-9011
(FERM BP-3418) and having aflatoxin decomposing ability.

3. The inhibitor of claim 2, which inhibils growth of a pathogenic fungus originating from an animal or plant.
4. The inhibitor of claim 2, which inhibits growth of a fungus having aflatoxin producing ability.
6. The inhibitor of claim 4, which is applied to grains or nuts,

6. The inhibitor of any one of claims 2-4, further comprising an aged vegetable organic substance as another active
ingredient. ' '

7. The inhibitor of any one of claims 2-4, which is in a liquid form.

8. Atermentation promoter comprising, as an effective ingredient, a bacterium designated Bacillus subtilis DB-8011
(FERM BP-3418) and having aflatoxin decomposing ability.
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9. A fermentation promoter comprising , as effective ingredients, a bacterium designated Bacillus subltilis DB-9011
(FERM BP-3418) and having aflatoxin decomposing ability and an aged vegetable organic substance.

10. The promoter of claim 8 or 9, which is applied to an offansive odor source for deodorization purposes.

11. Alivestock fattening feed comprising, as an effective ingredient, a bacterium designated Bacillus subtilis DB-8011
(FERM BP-3418) and having aflatoxin decomposing ability.

12. A methodi for contralling crop disease caused by a pathogenic fungus, which comprises spraying the crop with a
liquid fungus growth inhibitor comprising, as an active ingredient, & bacterium designated Bacillus subtilis DB-9011
(FERM BP-3418) and having aflatoxin decomposing ability.

13. Amethod for preventing livestock desease caused by a pathogenic fungus, which comprises adding, to a livestock
fead, a fungal growth inhibitor comprising as an active ingredient a bacterium designated Bacillue subtilis DB-8011
(FERM BP-3418) and having aflatoxin decomposing ability.

14. A method for preventing production of aflatoxin in grains or nuts, which comprises applying, 1o the graine or nuts
a fungal growth Inhibitor comprising as an active ingredient a bacterium designated Bacillus subtilis DB-5011
(FERM BP-3418) and having aflatoxin decomposing ability.

18. A method for promoting fermentation of an offensive odor source, which comprises applying, to the offensive odor
source, a fermentation promoter comprising as an effective ingredient a bacterium designated Bacillus subtilis DB-
9011 (FERM BP-3418) and having aflatoxin decomposing abitity.

16. The method of claim 15, wherein the offensive odor source is livestock excrement, human axcrement or garbage.

17. Amethod for fattening livestock, which comprises adding a livestock fattening agent to a livestock feed, said agent
comprising as an effective ingredient a bacterium designated Bacillug subtilis DB-8011 (FERM BP-3418) and hav-
ing aflatoxin decomposing abiility; and then feeding the resulting livestock feed to the livestock.

Patentanspriiche

1. Bakterium, das als Bacillus subtilis DB-9011 (FERM BP-3418) bezeichnet ist und die Fahigkeit hat, Aflatoxin zu
zersetzon. '

2. Pilzwachstum-Inhibitor, umfassend, ale einen aktiven Bestandtell, ein als Bacillus subtifis DB-9011 (FERM BP-
3418) bezeichnetes Bakteriurn, das die Fahigkeit hat, Aflatoxin zu zersetzen.

3. Inhibitor nach Anspruch 2, der das Wachstum eines aus einem Tier oder einer Pflanze stammendsn, pathogenan
Pilzes hernmt. ‘

4. Inhibitor nach Anspruch 2, der das Wachstum eines Pilzes hemmt, der Aflatoxin zu erzeugen in der Lage ist.

§. [Inhibitor nach Anspruch 4, der auf Kdrer oder Nilsse angewendet wird.

6. Inhibitor nach einem der Anspriiche 2 bis 4, weiter umfassend aine gealterte, pflanzliche organische Substanz als
einen anderen aktiven Bestandteil.

7. Inhibitor nach einem der Anspriiche 2 bis 4, in einer filssigen Form.

8. Géarungs-Promotor, umfassend, als einen akiiven Bestandteil, ein als Bacillus subtilis DB-8011 (FERM BP-3418)
bezeichneles Bakterium, das die Fahigksit hat, Afiatoxin zu zersetzen,

9. Garungs-Fromotor, umfassend, als aktive Bestandteile, ein als Bacillus subtilis DB-9011 (FERM BP-3418) be-

zoichnetes Bakterium it der Fahigkelt, Afiatoxin zu zersetzen, und eine gealterte, pflanzliche organische Sub-
stanz.
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. Promotor nach Anspruch 8 oder 9, der fiir Desoderierungs-Zwecke auf eine Quelle widerwértigen Geruches aut-

gebracht wird.

Vieh fettmachendes Futter, umfassend, als sinen aktiven Bastandteil, ein als Bacillus subtilis DB-8011 (FERM BP-
3418) bezeichnetes Bakterium, das die Fahigkeit zum Zersetzen von Aflatoxin aufweist.

Verfahren zum Kontrollieren einer durch einen pathogenen Pilz verursachien Emtefrucht-Erkrankung, umfassend
das Besprilhen der Emtefrucht mit sinem fliissigen Pilzwachstums-Inhibitor, umfassend, als einen aktiven Be-
standteil, ein als Bacillus subtilis DB-2011 (FERM BP-3418) bezeichnetes Bakterium, das die Fahigkeit hat, Afla-
toxin zu zersetzen.

Verfahren zum Verhindern einer durch einen pathogenen Pilz verursachten Vieh-Erkrankung, umiassend die Zu-
gabe eines Pilzwachstums-Inhibitors, umfassend, als einen aktiven Bestandteil, ein als Bacillus subtitis DB-9011
(FERM BF-3418) bezeichnetes Bakterium, das die Fahigkeit hat, Aflatoxin zu zersetzen, zu einem Viehfutter.

Vertahren zum Verhindem der Erzeugung von Aflatoxin in Kdmem oder Nilssen, umfassend das Anwenden eines
Pilzwachstums-inhibitors, umfassend, als einen aktiven Bestandteil, ein als Bacillus subtilis DB-8011 (FERM BP-
3418) bezsichnetes Balderium, das die Fahigkeit hat, Aflatoxin zu zersetzen, auf die Kémer oder Nisse.

15. Verfahren zum Foérdem der Garung einer Quelle widerwértigen Geruches, umfassend das Aufbringen eines Ga-
rungs-Promotors, umfassend, als einen aktiven Bestandteil, ein ale Bacillug subtilie DB-9011 (FERM BP-3418)
bezeichnetss Bakierium, das die Fahigkeit hat, Aflatoxin zu zersetzen, auf die Quelle widerwértigen Geruches.

16. Verfahren nach Anspruch 15, worin die Quelle widerwértigen Geruches Vieh-Exkremente, menschliche Exkre-
mente oder Abfall sind.

17. Verfahren zum Fettrmachen von Vieh, umfassend die Zugabe eines Vieh fetimachenden Mittels zu einem Viehfutter,
wobei das Mittel als sinen aktiven Bestandteil ein als Bacillus subtilis DB-8011 (FERM BP-3418) bezeichnetes
Bakterium, das die Fahigkeit hat, Aflatoxin zu zersetzen, umfait, und Verfiittem des resultierenden Viehfutters an
das Vieh.

Revendications

1. Bactérie dénommée Bagcillus subtilis DB-8011 (FERM BP-3418) o possédant la capacité da décomposer los afla-
toxines.

2. Inhibiteur de croissance fongique contenant comme principe actif une bactérie dénommée Bacillus sublifis DB-
9011 (FERM BP-3418) et possédant la capacitd de décomposer les aflatoxines.

3. Inhibiteur selon la revendication 2, qui inhibe la croissance d'un champignon pathogéne provenant d'un animail ou
d'un végétal.

4. Inhibiteur selon la revendication 2, qui inhibe la croissance d'un champignon ayant la capacité de produire des
afliatoxines.

5. Inhibiteur selon la revendication 4, qui est appliqué sur des grains ou des nuculaires.

6. Inhibiteur selon 'une quelcongue des revendications 2 & 4, comprenant en outre comme autre principe actif une
substance organique végétale vieillie.

7. Inhibiteur selon f'une quelconque des revendications 2 & 4, qui se présente sous forme liquide.

8. Promoteur de fermentation contenant comme principe actif une bactérie dénommée Bacillus subtilis DB-9011
(FERM BP-3418) at possédant la capacité de décomposer ies aflatoxines,

9. Promoteur de fermentation contenant cormme principes actifs une bactérie dénommée Bacillus sublilis DB-9011

(FERM BP-3418) st possédant la capacité de décomposer les aflatoxines et une subsiance organique végétale
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vieillie.

Promoteur selon la revendication 8 ou la revendication 9, appliqué sur une source de mauvaises odeurs a des
fins de désodorisation.

Aliment d'engraissement du bétail contenant comme principe actif une bactérie dénommée Bacillus subtilis DB-
9011 (FERM BP-3418) et possédant la capacité de décomposer les aflatoxines.

Procédsé de lutte contre les maladies des cultures dues & un champignon pathogéne, qui comprend la pulvérisation
sur lesdites cultures d'un inhibiteur de croissance fongique liquide contenant comme principe actif une bactérie
dénommés Bacillus subtilis DB-8011 (FERM BP-3418) at possédant la capacits de décomposer les aflatoxines.

Procédé de prévention des maladies du bétail dues & un champignon pathogane, qui comprend l'adjonction & un
aliment pour bétail d'un inhibiteur de croissance fongique contenant comme principe actif une bactéris dénommée
Bacillus subtilis DB-9011 (FERM BP-3418) et possédant la capacité de décomposer les aflatoxines.

Procédé de prévention de la production d'aflatoxines dans des grains ou des nuculaires, qui comprend I'application
sur lesdits grains ou nuculaires d'un inhibiteur de crolssance fongique contenant comme principe actif une bactérie
dénommée Bacillus subtilis DB-9011 (FERM BP-3418) et possédant la capacité de décomposer les aflatoxines.

Procéds destiné & favoriser la fermentation d'une source de mauvaises odeurs, qui comprend I'application sur
ladite source de mauvaises odeurs d'un promoteur de fermentation contenant comme principe actif une bactérie
dénommée Bacillus subtilis DB-9011 (FEHM BP-3418) of possédant ia capacité de décomposer les aflatoxines.

Procéds ssion la revendication 15, dans lequel ia source de mauvaises odeurs est constituée d'excréments du
bétail, d'excréments humains ou d'ordures.

Procédé d'engraissement du bétail, qui comprend I'adjonction d'un produit d'engraissernent du bétail & un aliment
pour bétail, ledit produit contenant comme principe actif une bactérie dénommée Bacillus subltilis DB-2011 (FERM
BP-3418) ot possédant la capacité de décomposer les aflatoxines ; puis la distribution au bétail de I'aliment pour
bétait ainsi oblenu.



